An investigation was undertaken to study the effects of germfree (GF) status and mild food restriction on life span in GF and specific pathogen-free (SPF) male ICR mice either full-fed (ad libitum) or on a restricted diet of 4.5 grams per day (equivalent to approximately 80% of full-fed intake) from five-week-old. The mean life span of the full-fed SPF and GF mice was 75.9 and 88.9 weeks respectively, whie the mean life span of the food-restricted SPF and GF mice was 117.5 and 109.6 weeks, respectively. Mice in both GF and SPF food-restricted groups were characterized by lower body weight and increased survival. These findings suggest that the cessation of growth may be importantly and perhaps causally related to longevity. The GF mice survived longer than the SPF mice, but the combination of GF status with food restriction did not seem to extend life span more than food restriction alone.
We are currently conducting a long-term study on aging in germfree (GF) mice together with study on the life-extending effect of restricted diet intake. Gordon et al. [6] reported that GF mice lived longer than conventional (CV) mice. Pollard and Wostmann [12] showed that full-fed GF Lobund-wistar (L-W) rats lived longer than full-fed CV L-W rats. From these studies, it has been deduced that the life extension in GF animals may be due to unique characteristics of the GF state.
On the other hand, food restriction has been of particular interest in aging research as the most effective means known for increasing life span in rodents. McCay et al. [8] has reported that restric ling the food intake of rats markedly increased life span. Since then, many repetitions of similarly designed experiments have confirmed this fact [1, 2, 5, 10, 13, 14, 16, 19, . It therfore appears that food restriction influences basic mechanisms of the aging process common to these animals.
GF animals live substantially longer than their CV counterparts.
Food restriction increases life span even further. However, Little is known about aging processes in GF animals subjected to food restriction from weaning through their usual or extended life spans [12, 17, 18] . Hence, the present investigation was designed to examine both the effects of GF status and food restriction on the longevity and growth of mice. 
Materials and Methods

Results
Longevity : The mean life span and age of the longest surviving 10% are presented in Table 1 . In both GF and SPF mice, the mean life span of the food-restricted mice was significantly longer than that of their full-fed counterparts (p<0.01).
The mean age of the longest 10% survivors was also significantly higher for the groups of food-restricted mice than for groups of full-fed mice (p<0.05). Survival curves for all groups are shown in Figure 1 . The first death occurred in week 38 in group SPF-F, week 70 in SPF-R, week 54 in GF-F, and week 80 in GF-R. Fifty-percent mortality was recorded in week 74 in SPF-F, week 122 in SPF-R, week 90 in GF-F, and week 109 in GF-R.
Body weights : The body weights of the GF and SPF mice used in this study are shown in Figure 2 . The weights of mice in group SPF-F increased up to 70 weeks of age with some decline in weight at more advanced ages. The weights of mice in group GF-F was similar to those of group SPF-F through 70 weeks of age, but in contrast to group SPF-F, their weights showed no decline until the end of the experi- Organ weights : Liver, kidneys, heart and lung weights expressed as percentage of body weight as well as actual weights are given in Table 2 . Actual weights of these organs were significantly less in both food-restricted GF and SPF mice at all ages (p<0.05). The weight of liver and kidneys increased with age, whereas the weight of heart and lung were constant up to 90 weeks of age in all animals. In both food-restricted groups, mice had lower liver weight compared to their full-fed counterparts (p<0.05). By relative weight, the kidneys were also lighter in the food-restricted groups, although the differences were not significant. On the contrary, the relative weights of both the heart and lung were higher in the foodrestricted mice than the full-fed mice, but this increase was not significant.
Disussion
In this report, we have presented data on the effects of mild food restriction and GF environment on the aging process. In our study, mean and maximum life spans were shortest for SPF-F mice, longer for GF-F mice, even longer for GF-R mice, and longest for SPF-R mice, indicating longer survival of the GF-F mice in comparison to their SPF counterparts, with both greater mean life span and maximum life span. These results are in agreement with the studies of Gordon et al. [6] and Pollard K. UMEHARA, H. MATSUZAWA ET AL and Wostmann [12] noting longer survival for GF than CV mice and rats. From these experiments, it was believed that life extension in these GF animals may be characterized by a infectious disease-free status. Data from the second aspect of our experiment agrees with other studies indicating that appropriate food restriction in rodents can increase mean and maximum life spans [1, 2, 5, 8, 10, [12] [13] [14] 16, 19, [21] [22] [23] .
Improved survival observed in the foodrestricted mice of both GF and SPF groups in our experiments occurred as delayed onset of age-dependent increases in mortality, appearing as significantly longer survival. It is noteworthy that mean and maximum life spans of the GF-R mice were shorter than the SPF-R mice. Analysis of the survival data indicates that under the present experimental conditions, the combination of GF status with food restriction did not extend life span beyond that of food restriction alone.
Brain and Benton [3] have reviewed the effects of differential housing on rats and concluded that the individual housing imposes a stress on the animals which affects their physiological parameters. The full-fed mice (GF-F and SPF-F) in the present study were housed three to a cage while the food-restricted mice (GF-R and SPF-R) were individually housed. This difference in housing may have differing influences in life span. However, as food-restricted animals are individually housed it would appear that food restriction overrides any possible detrimental effects of individual hausing in respect of life span.
It is not difficult to imagine food intake to have significant effects on body weight. As expected, it was found that body weight gain was suppressed by restricting food supply. Body weights of both food-restricted groups of mice were lower than those of their full-fed counterparts. The lower body weight and longer life span observed in relation to food restriction from weaning agree with the results of previous investigator [8, [16] [17] [18] 23] . The importance of low body weight in longevity is indicated by the long mean life span of the foodrestricted mice. The results suggest that the effects of food restriction on the aging processes may be due to delayed maturation or slowed growth, perhaps causally related to longevity.
Actual weights of all organs were significantly lower in both food-restricted GF and SPF mice. These smaller organs of the foodrestricted animals are probably constructed of smaller cells. Enesco and Samborsky [4] have demonstrated that food restriction reduces the rate of cell-size increase and growth. In both GF and SPF mice, the relative weights of liver and kidneys on the food-restricted animals were less than those of organs from the full-fed animals. The lower liver-and kidneys-weights of the food-restricted groups observed in this study are in agreement with the results reported by other investigators [11, 15, 201 . However, the relative weights of the heart and lung were observed to be higher by 5-15% in both GF and SPF food-restricted mice, indicating that the organ weights do not develop in parallel with the body weight.
As another aspect of aging with relation to longevity, it is known that the normal immune functions decline with advancing age in both men and rodents [9] . Age-associated malignancies which contribute to early death have been correlated with decreased immune activity [7] . Weindruch et al. [24, 25] have suggested that immunological consequences of food restriction may contribute to of f ectson longevity and late-life spontaneous cancer. Hence, we have examined the effects of food restriction on immune system function and prolongation of life span in GF and SPF mice, yielding the following information on immunological function. In both GF and SPF mice, food-restricted mice exhibited elevated immune function in comparison to full-fed mice. Additionally, the immunological responses were lower in GF-R mice than in SPF-R, which may explain why the GF status in this case did not benefit their life spans of beyond that of their SPF counterparts.
Details on immunological functions will follow in later publications.
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